Abstract -Encounter to the characteristics of timevarying and large delay constant of cable-feed supporting system for the next generation large radio telescope-square kilometer array (SKA), a fuzzy model reference learning controller (FMRLC) is developed to realize the feed coarse tracking. The FMRLC consists of a direct fuzzy controller, a reference fuzzy inverse model and a fuzzy learning mechanism. This FMRLC adjusts the direct fuzzy controller so that the closed-loop system acts like a pre-specified reference modd using the fuzzy learning mechanism. The simulation results have shown that the tracking precision is much favorable to hold in the tolerance of fine-tuning Stewart platform, which have built a solid base for the engineering implementation of the high precision tracking of the feed for the SKA.
Radio astronomers from around the worid have focused recently on the need for a new radio telescope which is two orders of magnitude greater than the biggest operational telescopes, increasing sensit.ivity by a factor of 100, which would enable the direct observation of the formation and evolution of galaxies from gases in the universe [I] .
To make full use of the karst formati'm, the Arecibo-type large spherical radio telescope array with about 30 large spherical reflector antennas and each antenna with the diameter of up to 300-500 meter is proposed to fulfill this scientific goal in 1996, China [l] . In order to reduce the cost and guarantee the high precision requirement, [2] proposed a mech,monics design project with integration of mechanical, electronic and optical technologies. Based on this mechxtronics design project, for the ease engineering control implementation, [3, 41 developed a parallel fine-tuning platform which connected to the movable cabin structure that driven by six large span cables. The modified mechatronics design project is shown in Fig. 1 , Because the fine-tuning of the parallel platform is made on the base of the coarse tracking of the cabin structure, the coarse tracking tolerance is a key issue for the engineering accomplishment of this modified mechatroniix design project for the SKA. Because the large span cables are used as actuators, it is well known that large time-varying delay constant is resulted which make it is difficult to guarantee the tolerance requirement of the coarse tracking.
In this paper, encounter to the time-varying cablefeed supporting system for the SAK, an fuzzy model reference learning controller (FMRLC) is proposed to realize the feed trajectory tracking coarse control. The FMRLC consists of a direct fuzzy controller, a reference fuzzy inverse model and a fuzzy learning mechanism. The simulation results have verified that the proposed FMRLC can guarantee the requirement of coarse tracking tolerance during the whole trajectory tracking, which have laid a solid foundation for the high precision tracking implementation of the feed for the SKA. Because the decentralized control strategy is used, the length and its change of each cable at every sampling instant are selected as the input to the FMRLC, and the appropriating voltages to the corresponding servomotors is selected as the output of the controller.
CONTROL STRATEGY AND MODEL
That is, the length of each cable at every sampling time can be adjusted by high power servomotor through a favorable control method to guarantee the high-precision trajectory tracking.
Although the precise model of the cable-feed supporting system can not be obtained, as for one branch of the cable-feed supporting system, it can be represented as a cascade of the typical second unit of servomotor and the pure delay unit of the cable. The transfer function can be expressed as follows using firstorder Pad6 approximation of the pure delay unit and Z the pure delay time constant of the cable, which is depended on the length and its deflection. Refemng to [7] , Z can be expressed as S S Z = T where S and s is the length and its velocity of the cable, respectively. They can be obtained by the
FMRLC BASED COARSE TRACKING SYSTEM
The FMRLC used here is first proposed b f Layne and Passino [8] , which is shown in Fig. 3 . It is consisted of a direct fuzzy controller, a reference model and a fuzzy learning mechanism.
A. Direct Fuzzy Controller
Just as the mentioned above, the length enor and change in error of cable are determined as the inputs to FMRLC, and the normalized inputs can he defined as
where 1 and I, denotes the actual and desired length of the cable, respectively, K , and K , the gains, T the sampling period, and kT the kth sampling instant.
The control voltage U for servomotor is defined as the output to FMRLC.
The direct fuzzy controller has 11 fuzzy sets with membership functions uniformly distributed on each normalized input universe of discourse. All membership functions used in this FMRLC are triangular type with a base-width of 0.4. Another 11 fuzzy sets are used for output and the location of each membership function on the output universe of discourse is assumed unknown initially. The fuzzy learning mechanism then leatns how to center the output universe of discourse [8].
Zadeh's compositional rule of inference and the standard center of gravity defuzzification technique are used to obtain the crisp output [9] .
According to the experience of servomotor system, the rule-base can be described as Table 1 .
B. Reference Model
For this servo system, the reference model provides a capability for qualifying the desired perfo~mance. Therefore, the reference model must have desired response to various position commands in term of rise time, overshoot, etc. Based on the requirement of stability, rise time, overshoot, settling time, one of the feasible reference models can be described as, 1 G,(s)=-
C. Fuzzy Learning Mechanism
The fizzy learning mechanism performs the function of modifying the knowledge base of the direct fuzzy controller so that the closed-loop system behaves like the reference model, which includes a fuzzy inverse model and a knowledge base modifier. These knowledge-base modifications are made locally based on the observing data from the controlled process, the reference model, and the fuzzy controller [8] .
The fuzzy inverse model is used to characterize how to change the plant inputs to force the plant output to he as close as possible to that specified by the reference model [8] . The scaled inputs of the fuzzy inverse model can he defined as
where lm denotes the desired length of the cable specified by the reference model, and KYa and K,, the gains. The change in the process p(kT) is defmed as the output of the fuzzy inverse model.
The fiizzy sets for the inputs and output of the fuzzy inverse model, and the inference and defuzzification techniques are determined as the same as that of the direct fuzzy controller.
The rule-base is determined as the same as that of the direct filzzy controller. In fact, it is not necessary to accurately characterize the inverse dynamics; only an approximate representation is needed [8].
The knowledge-base modifier changes the knowledge base of the direct fuzzy controller according to p(kT) . The changes are implemented by modifying the centers of the output membership functions in the direct fuzzy controller, which is [8] Center'(kT) = Center'(kT -T ) + p ( k~)
where the supscript i denotes the ith membership function which is fned by the inverse model. In this way, only local changes are made at each time, so that high 
IV. SIMULATION RESULTS
Because the feed-supporting system is suspended in the space, the wind disturbance bas big effect on the tracking precision. Therefore, the simulation is carried out based on the following two cases. One is the trajectory tracking without wind, and the other is the trajectory tracking with the wind.
According to the historical maximum wind speed and the simulation of the maximum wind-induced displacement of the feed-supporting system [2] , the maximum length variation resulting from the wind disturbance is defined as follows, which is a disturbance with the amplitude of 0.5cm and the period of 500s.
The sampling period is determined as T = 1s.
After several tests, the parameters can be determined as
(11) The simulation results without wind disturbance are shown in Fig. 4 . It can be seen that the selection of the reference model is sound, and the tracking error holds in the tolerance that the fine-tuning can compensate after the transition. We concludes that the tracking error of the feed-supporting system can be guaranteed in the tolerance that the fine -tuning Stewart platform can compensated based on the accuracy analysis of Stewart platform [5]. In order to verify the robustness of the hereby FMRLC coarse tracking feed-supporting system, the simulation is divided into the following two cases. One is the normal wind disturbance, and the maximum length variation resulted form the wind is just shown in (9); another is enlarged wind disturbance, the maximum length amplitude is enlarged to Icm (Case l), and 5 cm (Case 2), respectively.
The simulation results with the normal wind disturbance are shown in Fig. 5 . It can be seen that the tracking error is very favorable after the transitio'n. We have enough confidence to believe that the tracking error of the feed-supporting system can be guaranteed in the tolerance that the fine-tuning Stewart platform can compensate based on the accuracy analysis of Stewart platform [ 5 ] . Time ( 6 ) :ig. 7. Simulation results with enlarged wind disturbance -case 2
The simulation results with the enlarged wind disturbance are shown in Figs. 6 and 7, respectively. From Fig. 6 , it can be seen that with low enlarged wind disturbance, the FMRLC revels high robustness, the tracking error is nearly as the same as that with the normal wind disturbance. When the enlarged wind disturbance increased, the tracking error becomes large and has the tendency of instability. So, in order to guarantee the stability of the controlled system, it is necessary to take some active or semi-active methods to control the wind-induced vibration of the feedsupporting system to build a solid base for the tracking control [lo, 111.
Summarized the above simulation results, with the proposed FMRLC, we have enough confidence to believe that the coarse tracking precision of the feedsupporting system can be guaranteed in the tolerance that the fine-tuning Stewart platform can compensate based on the accuracy analysis of Stewart platform [5] .
V. CONCLUSIONS
In this paper, considered the time-varying and large delay cable-feed supporting system for the SKA, a decentralized coarse tracking strategy and an fuzzy model reference learning controller (FMRLC) is proposed to realize the trajectory coarse tracking. The FMRLC consists of a direct fuzzy controller, a fuzzy reference model and a fuzzy learning mechanism. The effectiveness of this FMRLC for the coarse tracking of the feed-supporting system is verified with simulation results with and without wind disturbance, which has laid a solid base for the engineering accomplishment of the high precision tracking of the feed for the SKA.
